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In this paper we show that pure Lovelock static Schwarzschild’s analogue black hole in dimensions
d > 3N +1, where N is the degree of Lovelock polynomial action, is stable even though pure Gauss-
Bonnet N = 2 black hole is unstable in dimension d < 7. We also discuss and compare quasinormal
modes for pure Lovelock and the corresponding Einstein black hole in the same dimension. We find
that perturbations decay with characteristic time which is weakly dimensional dependent as it de-
pends only on the gravitational potential of the background solution, while frequency of oscillations
however depend on the dimension. Also we show that spectrum of perturbations is not isospectral
except in d = 4.
I. INTRODUCTION
It is well known static black hole described by
Schwarzschild’s vacuum solution of the Einstein equation
is stable relative to metric perturbations in all dimen-
sions ≥ 4 [1]. In this case gravitational potential goes as
1/rd−3 with d − 3 ≥ 1 always. In other words, so long
as potential falls sharper than 1/r, it would be stable.
The natural question that arises is, would it also be so
for static black hole in other generalizations of Einstein’s
gravity? The most natural and interesting generaliza-
tion of Einstein’s gravity – general relativity (GR) is the
Lovelock theory involving higher order derivatives as its
action is homogeneous polynomial in Riemann curvature
of arbitrary degree N . Despite this, it is remarkable that
the equation that follows from variation of the action al-
ways yields second order equation of motion.
Einstein gravity is included in this generalized theory
for N = 1 linear order in Riemann while N = 2 is the
quadratic Gauss-Bonnet, and so on. Each order comes
with a dimensionful coupling constant, and there is sum
over N = 0, 1, 2, ... where N = 0 corresponds to cosmo-
logical constant, Λ. The general feature of the Lovelock
theory is that for d = 2N equation is vacuous meaning
corresponding Einstein tensor Gab vanishes identically, it
is kinematic for d = 2N +1 implying corresponding Rie-
mann is entirely given in terms of Ricci and hence there
can exist no non-trivial vacuum solution [2]. Gravity
could have dynamics admitting non-trivial vacuum solu-
tion only in dimensions d ≥ 2N + 2. This means, this is
a quintessentially higher dimensional generalization; i.e.
the term corresponding to N > 1 will make non-zero con-
tribution to equation of motion only in dimension greater
than four.
By defining Lovelock analogue of Riemann curvature
[2–4], it has been shown that gravity is kinematic – cor-
responding Riemann given in terms of Ricci – in all
critical odd dimensions, d = 2N + 1 [5] for pure Love-
lock Lagrangian that includes only one Nth order term.
By pure Lovelock we mean the Lagrangian and conse-
quently equation of motion has only one Nth order term,
there is no sum over lower orders. In particular pure
Gauss-Bonnet has only the Gauss-Bonnet term without
Einstein-Hilbert term. Apart from kinematicity property
being universal for all critical odd d = 2N+1 dimensions,
pure Lovelock is also singled out by another property
– admission of bound orbits around a static object [6].
Since for Einstein gravity potential goes as 1/rd−3, bound
orbits could exist only if d−3 < 2, the condition required
for centrifugal potential to be able to counter-balance
gravitational pull. Thus for Einstein gravity, bound or-
bits can exist only in d = 4 and none else.
The situation however changes for pure Lovelock be-
cause for it potential goes as 1/rα where α = (d− 2N −
1)/N [7]. Clearly α < 2 always and hence bound or-
bits always exist in pure Lovelock gravity in dimensions
d ≥ 2N + 2. Then the question arises, is pure Lovelock
static black hole with potential 1/rα, α = (d−2N−1)/N
stable under scalar, vector and tensor perturbations?
This was the question addressed for pure Gauus-Bonnet
black hole in six dimension [8]. It turns out that it is
in general unstable, however on inclusion of positive Λ,
there does appear a parameter window for mass and Λ
for which stability is achieved. Note that in this case
potential falls off as 1/
√
r which is slower than 1/r.
Further it turns out that pure Lovelock potential falls
off exactly as four dimensional GR, 1/r in d = 3N+1 [9].
In all d > 3N + 1, it would fall sharper than 1/r. The
natural question that arises is that would pure Lovelock
black hole in d = 3N + 1 be stable? This is the question
we wish to address in this paper. We shall show in partic-
ular that pure GB black hole is stable in seven dimension.
We shall also compute its quasinormal modes. This re-
sult will also be generalized to all dimensions d ≥ 3N+1.
The inference that emerges is that stability is determined
by fall off potential whether it is slower or sharper than
1/r. It is expected to be unstable for the former and
stable for the latter irrespective of the pure Lovelock de-
gree. Though it has been proven only for pure GB that
black hole is unstable in d = 6 where potential falls off
as 1/
√
r [8]. In all dimensions d < 3N +1, potential falls
off slower than 1/r, black hole would be unstable.
Note that the two defining and distinguishing proper-
ties of pure Lovelock gravity are universalization of the
2kinematic property in all critical odd d = 2N + 1 di-
mensions and existence of bound orbits around a static
object [10]. If these are taken as the desirable and re-
quired properties for gravity in higher dimensions, pure
Lovelock is the only right and proper gravitational equa-
tion in higher dimensions.
We should also mention another very desirable aspect
of these theories. In fact, Lovelock gravity admits non-
unique degenerate vacua [11, 12] which is not conducive
for a supergravity extension of the theory. In that direc-
tion, various solutions have been proposed. For example,
if we fine-tune coupling constants of the Lovelock polyno-
mial as done in the consideration of dimensionally contin-
ued black holes [13], it is possible to define a unique vac-
uum. It leads to the Chern-Simons and the Born-Infeld
gravity in odd and even dimensions respectively [14]. The
natural and elegant solution to have the unique vacuum
is the pure Lovelock gravity. Pure Lovelock gravity has
several interesting and remarkable features, see e.g. [15]
for a nice account.
The paper is organized as follows. In section II, we
review black hole solution for pure Lovelock in critical
dimension. In section III, we obtain stability of the black
hole solution, in particular, we prove the stability of black
holes under all type of perturbations. In section IV, we
discuss the isospectrality of the perturbation modes. In
section V, we obtain the QNM for scalar, vector and ten-
sor perturbations for pure Gauss-Bonnet in d = 7, before
generalizing them to any critical dimension in section VI.
Finally, we summarize our results.
II. PURE-LOVELOCK IN d = 3N +1 DIMENSION
The Lovelock polynomial corresponds to the most gen-
eral divergence free symmetric tensor constructed out of
a metric and its first and second derivatives which gives
a second order differential equation. The Lagrangian is
given by
L =
m∑
k=0
ckLk (1)
where
Lk ≡ 1
2k
δµ1ν1···µkνkα1β1···αkβkR
α1β1
µ1ν1
···
···
Rαkβkµkνk (2)
where Rα1β1µ1ν1 is the Riemann tensor in d-dimensions and
δµ1ν1···µkνkα1β1···αkβk is the generalized totally antisymmetric Kro-
necker delta. Pure Lovelock is the special case where the
polynomial reduces to a monomial of order N , L = LN .
Considering pure Lovelock, variation of the action
gives
GBA = δBµ1ν1···µNνNAα1β1···αNβNRα1β1µ1ν1 ······RαNβNµNνN = 0 (3)
There exist static exact solutions to this equation. For
a static spherically symmetric spacetime of the following
form,
ds2 = −f(r)dt2 + dr
2
f(r)
+ r2dΩ2d−2 (4)
we have
f(r) = 1−
(rs
r
)(d−2N−1)/N
(5)
where rs is the location of the event horizon. Notice that
d = 3N + 1 gives the Schwarzschild solution. In the
rest of the paper, we will consider for each pure Lovelock
of order N , the critical dimension corresponding, d =
3N + 1, which corresponds to Schwarzschild spacetime
at any order N .
In the next section, we will study the stability of this
spacetime and quasinormal modes (QNM) associated to
the perturbations.
III. STABILITY
Stability of black holes has its root in the seminal
work by Regge and Wheeler in 1957 [16]. Perturbations
around a given static spherically symmetric background
can be decomposed into scalar and vector perturbations
while a third type of perturbations emerges in dimensions
larger than 4, known as tensor perturbations. While 4-
dimensional stability has been thoroughly investigated by
several authors in [17–19], the extra dimension analysis is
based on the formalism developed in [1, 20]. This formal-
ism has been successfully used for many models of gravity
beyond general relativity [21, 22]. The study of stability
of black hole has important impact on the possible end
state of a gravitational collapse. It is interesting to note
that instability of black hole could also have a rich phe-
nomenology, e.g. in the context of brane world models
and black strings. The spacetime is plagued with the so-
called Gregory-Laflamme instability leading to a naked
singularity and thereby violating the cosmic censorship
conjecture. But as suggested by the membrane paradigm,
some duality could exist between Einstein and Navier-
Stokes equations. In this context, it was suggested that
Gregory-Laflamme instability could be mapped to effec-
tive fluid properties and the Plateau-Rayleigh instability
[23] or how a falling stream of fluid breaks up into smaller
packets as the black string does. Also, in the context of
asymptotically AdS spacetime with electric charge, insta-
bility can be related to superconducting phase transition
of the dual theory on the boundary [24], see e.g. [25] in
the context of Lovelock.
In this direction, we consider a perturbation (hµν) to
the previous background solution described by the met-
ric (g¯µν), gµν = g¯µν + hµν . The perturbation hµν can
be decomposed into scalar, vector and tensor modes ac-
cording to the symmetries of the background. For scalar
perturbations, the metric in the Zerilli gauge takes the
3following form
hµν =

fH0 H1 0H1 H2/f 0
0 0 r2Kγij

 (6)
where γij is the background metric for coordinates which
are not (t, r). Each perturbation is decomposed in terms
of scalar harmonics which satisfy ∇¯k∇¯kY = −γsY with
γs = l(l + d − 3) and ∇¯k is the covariant derivative as-
sociated to the background metric. As shown in [21, 26],
all perturbations (H0, H1, H2,K) can be expressed by a
single master function ψ solution of the equation
d2ψ
dr2
∗
+ (ω2 − Vs(r))ψ = 0 (7)
where r∗ is the tortoise coordinate, with ω comes the
time dependence of the perturbation e−iωt and Vs(r) is
an effective potential for scalar perturbation
Vs(r) = f(r)
2λ2(λ+ 1)r3 + 6λ2Mr2 + 18λM2r + 18M3
r3(λr + 3M)2
(8)
which we notice has exactly the same form as the Zerilli
potential, with
λ =
(l + d− 2)(l − 1)
d− 2 (9)
From which we can easily conclude that scalar perturba-
tions are stable because Vs(r) > 0 for r > rs.
Similarly, for vector perturbations in the Regge-
Wheeler gauge, we have
hµν =

 0 0 vi0 0 wi
vi wi 0

 (10)
with ∇¯kvk = ∇¯kwk = 0 and each perturbation can be
decomposed in terms of vector harmonics which satisfy
the equation ∇¯k∇¯kYi = −γvYi with γv = l(l+d− 3)− 1.
As for scalar perturbations, we can reduce the problem
to a single function ψ solution of
d2ψ
dr2
∗
+ (ω2 − Vv(r))ψ = 0 (11)
with
Vv = f(r)
[ (l + d− 4)(l + 1)
(d− 3)r2 −
6M
r3
]
(12)
which is also the simple generalization of the Regge-
Wheeler equation to any dimension. Therefore we can
also conclude that scalar perturbations decay with time
because Vv(r) > 0 for r > rs.
Finally, for tensor perturbations, we have
hµν =
(
0 0
0 r2φhij
)
(13)
with hij the traceless, transverse tensor harmonics solu-
tion of ∇¯k∇¯khij = −γthij with γt = l(l + d − 3) − 2.
Similarly, we can define a new function ψ related to the
perturbation φ solution of the equation
d2ψ
dr2
∗
+ (ω2 − Vt(r))ψ = 0 (14)
with
Vt = f(r)
2M
r3
(15)
which is a new perturbation inexistent in 4 dimensions.
This perturbation is independent of the angular momen-
tum l, they are no angular dependence. The perturba-
tion oscillates similarly on a sphere of radius r around
the horizon. These perturbations are also stable because
Vt(r) > 0 for r > rs.
Therefore for any critical dimension, d = 3N + 1, the
Schwarzschild solution is always stable.
IV. ISOSPECTRALITY
An other way to study the stability of the black hole
is to find the corresponding frequencies ω. This problem
can be seen as an eigenvalue problem
[
− d
2
dr2
∗
+ V (r)
]
ψ = ω2ψ (16)
where the wavefunction ψ is the eigenvector and ω the
eigenvalue of the corresponding operator. These frequen-
cies or eigenvalues of the previous operator are complex,
and because we considered a time dependence of the fol-
lowing form e−iωt, we should find that the imaginary part
of these frequencies is negative to obtain a mode decaying
with time
e−iωt = e−iωRteωIt (17)
where ωR and ωI are real and complex part of these
modes known as quasinormal modes.
In 4 dimensions, it is well known that modes of
Schwarzschild black hole are isospectral [27], the quasi-
normal modes are identical. This is an important result,
specific to Schwarzschild black hole and does not hold for
neutron stars or most of other gravitational theories. It
can be shown that in general relativity, scalar potential
(Vs) and vector potential (Vv) can be related to a same
potential W
W =
2M
r2
− 3 + 2c
3r
+
c(3 + 2c)
3(3M + cr)
− c(c+ 1)
3M
(18)
β = −c
2(c+ 1)2
9M2
(19)
c =
(l + 2)(l − 1)
2
(20)
4The potentials can be obtained as
Vs(r) =W
2 − f(r)dW
dr
+ β (21)
Vv(r) =W
2 + f(r)
dW
dr
+ β (22)
If ψv is an eigenfunction of the wavelike equation (11),
then the eigenfunction for the potential Vs is given by
ψs ∝
(
W − f(r) d
dr
)
ψv (23)
and corresponds to the same eigenvalue ω. Therefore, the
quasinormal spectrum is the same for both perturbations.
In our case, we can show an almost isospectral behav-
ior. All potentials can be derived from the same form of
W (18) and the potentials can be obtained in the follow-
ing way
Vs(r) =W
2 − f(r)dW
dr
+ β (24)
Vv(r) =W
2 + f(r)
dW
dr
+ β (25)
Vt(r) =W
2 − f(r)dW
dr
+ β (26)
but the spectrum of each operator is different because
the constant c differs for each type of perturbations
c =
(l + d− 2)(l − 1)
d− 2 , for scalar perturbations
c =
(l + d− 4)(l + 1)
2(d− 3) − 1 , for vector perturbations
c = 0 , for tensor perturbations
In fact, the potentials are not obtained from the same po-
tential W , because c is different. In d = 4, tensor modes
do not exist and c takes the same value for scalar and vec-
tor perturbations. We, therefore, recover the standard
result. In any other critical dimension, the spectrum will
be different.
V. QUASINORMAL MODES
As we have shown previously, the problem can be re-
duced to finding eigenvalues of some operator. These
frequencies, or quasinormal modes, gives us information
on the proper oscillations of perturbed spacetime, the
characteristic “ringing” of black holes. In this section,
we will calculate the spectrum (ω) for each type of per-
turbations, solution of the equation
d2ψ
dr2
∗
+
(
ω2 − V (r)
)
ψ = 0 (27)
where V (r) is the potential for scalar, vector or tensor
perturbations. We also need to impose boundary condi-
tions, at the horizon, the perturbation should be ingo-
ing (e−iωr∗) and the perturbation should be outgoing at
infinity (e+iωr∗). Imposing these boundary conditions,
only an infinite (labeled by a parameter n) but discrete
values of ω solve the eq. (27), known as the quasinor-
mal modes (QNM). They are the modes at which the
spacetime oscillates and because we have dispersion of
the gravitational waves (ingoing at horizon and outgoing
at infinity), these modes are complex and therefore decay
in time. The imaginary part should be negative because
the black hole is stable as seen in the previous section.
All the modes ω will be given in units rs/c = 1
In this section, we will focus on the dimension 7, which
is our first new critical dimension after standard Einstein
gravity in d = 4. In this case, the action is given by pure
Gauss-Bonnet
S =
∫
d7x
√−g
[
R2 − 4RµνRµν +RµνρσRµνρσ
]
(28)
For each type of perturbations, we will fix the angular
momentum (ℓ = 2, 3) and calculate the first harmonic or
fundamental mode (n = 0), the first overtone or second
harmonic (n = 1) and finally the second overtone or third
harmonic (n = 2). For that, we will perform the calcula-
tions using 3 different methods, the WKB method[28, 29]
at sixth order[30, 31], the continued fraction method [32]
and by direct integration. The quasinormal modes are
compared to Schwarzschild spacetime in d = 4 and to the
Schwarzschild-Tangherlini solution [33] in d = 7. There-
fore, we perform the comparison to same background
while the action is modified and to same dimension while
the action is changed.
The Schwarzschild-Tangherlini solution in 7 dimen-
sions is derived from Einstein action and gives f(r) =
1 − (rs/r)4. Using exactly the same methodology, the
new equation for perturbations will have exactly the same
structure than eq. (27) with following potentials for
scalar, vector and tensor perturbations respectively
Vs(r) =
[
1−
(rs
r
)4][5r12λ2(4λ+ 7) + 9r4r8s(26λ+ 3)
4r6(λr4 + 3r4s)
2
− 15r
8r4sλ(λ + 18) + 225r
12
s
4r6(λr4 + 3r4s)
2
]
(29)
Vv(r) =
[
1−
(rs
r
)4][ (2l + 5)(2l+ 3)
4r2
− 75r
4
s
4r6
]
(30)
Vt(r) =
[
1−
(rs
r
)4][ (2l + 5)(2l+ 3)
4r2
+
25r4s
4r6
]
(31)
Notice from Table I that for all modes ωI < 0 and
therefore the solution is stable. It is also interesting
that ringdown signal vanishes exponentially with a char-
acteristic time τ = 1/Im(ω) which is very similar be-
tween the Schwarzschild solution in 7 dimensions and
the Schwarzschild spacetime in 4 dimensions. The di-
mension affects very little the characteristic time, while
it is very different for similar dimensionD = 7 and within
different solution, Schwarzschild-Tangherlini. The char-
acteristic time of decay of the perturbations is faster for
Schwarzschild-Tangherlini background where the gravi-
tational potential falls faster to zero (1/r4). The char-
5Scalar perturbations
ℓ = 2
n WKB method Continued fraction Direct integration Schwarzschild Schwarzschild-Tangherlini
method in D = 4 in D = 7
0 0.621586 - 0.174806 i 0.621745 - 0.174513 i 0.621745 - 0.174513 i 0.747415 - 0.177847 i 1.44794 - 0.46559 i
1 0.554145 - 0.546684 i 0.555450 - 0.542138 i 0.558945 - 0.546182 i 0.693431 - 0.547752 i 1.00452 - 1.49939 i
2 0.441637 - 0.974783 i 0.440166 - 0.97515 i 0.440006 - 0.969969 i 0.600099 - 0.957657 i 0.12018 - 2.94122 i
ℓ = 3
n WKB method Continued fraction Direct integration Schwarzschild Schwarzschild-Tangherlini
method in D = 4 in D = 7
0 0.952926 - 0.182173 i 0.952919 - 0.182185 i 0.952919 - 0.182186 i 1.198887 - 0.185406 i 2.23178 - 0.54084 i
1 0.910869 - 0.555971 i 0.909113 - 0.561265 i 0.907645 - 0.557741 i 1.165284 - 0.562585 i 1.93141 - 1.68185 i
2 0.835593 - 0.956598 i 0.836303 - 0.956543 i 0.800021 - 0.949965 i 1.10319 - 0.95811 i 1.33485 - 2.99002 i
Vector perturbations
ℓ = 2
n WKB method Continued fraction Direct integration Schwarzschild Schwarzschild-Tangherlini
method in D = 4 in D = 7
0 0.484860 - 0.178144 i 0.489874 - 0.171145 i 0.489877 - 0.171143 i 0.747343 - 0.177925 i 1.96718 - 0.60766 i
1 0.392473 - 0.578251 i 0.395578 - 0.540791 i 0.375665 - 0.526008 i 0.693422 - 0.547830 i 1.52058 - 1.90469 i
2 0.258772 - 1.083567 i 0.211030 - 1.006590 i 0.249988 - 1.000020 i 0.602107 - 0.956554 i 0.57082 - 3.61342 i
ℓ = 3
n WKB method Continued fraction Direct integration Schwarzschild Schwarzschild-Tangherlini
method in D = 4 in D = 7
0 0.747239 - 0.177782 i 0.747343 - 0.177925 i 0.747343 - 0.177925 i 1.198887 - 0.185406 i 2.64217 - 0.60118 i
1 0.692593 - 0.546960 i 0.693422 - 0.547830 i 0.695469 - 0.545779 i 1.165284 - 0.562581 i 2.30384 - 1.84962 i
2 0.597040 - 0.955120 i 0.602107 - 0.956554 i 0.599970 - 0.950054 i 1.10319 - 0.95809 i 1.58364 - 3.29736 i
Tensor perturbations
For any ℓ
n WKB method Continued fraction Direct integration Schwarzschild Schwarzschild-Tangherlini
method in D = 4 in D = 7 (ℓ = 2)
0 0.220934 - 0.201633 i 0.220910 - 0.209791 i 0.225108 - 0.214605 i - 2.49710 - 0.63234 i
1 0.178058 - 0.689058 i 0.172234 - 0.696105 i 0.148482 - 0.678334 i - 2.13340 - 1.98070 i
2 0.383649 - 0.952812 i 0.381050 - 0.952612 i 0.380012 - 0.95002 i - 1.37830 - 3.64177 i
TABLE I. QNM for scalar, vector and tensor perturbations for ℓ = (2, 3) and n = (0, 1, 2) by using 3 different methods. Also
we added for comparison, the QNM for Schwarzschild in D = 4 and Schwarzschild-Tangherlini in D = 7.
acteristic time at which the perturbation decay depends
mostly on the background potential.
On the contrary, the frequency at which these modes
oscillate (f = Re(ω)/2π) is very different for the 3 space-
times considered but again the analogue Schwarzschild
spacetime has a frequency of mode oscillation closer to
Schwarzschild spacetime in D = 4 than Schwarzschild-
Tangherlini in D = 7. We conclude that this parameter
is more sensitive to the theory considered and to the di-
mension.
VI. HIGHER DIMENSIONS
In this section, we generalize the previous results to
any critical dimensions, Lovelock of orderN in dimension
d = 3N+1. As we can see from eq.(15), tensor modes do
not dependent on the dimension, they oscillate similarly
in any critical dimension. On the contrary, scalar and
vector perturbations depend on the dimension.
We see from Figs.(1,2) similar results than we found in
the previous section. The characteristic time at which the
perturbations die is changing very little between all these
models. Dimension does not affect the characteristic time
of the ringdown, only the background gravitational po-
tential affects it. Notice that for l = 2, the characteristic
time (1/Im(ω)) becomes maximum for d = 10 for scalar
and vector perturbations.
On the contrary, the frequency of oscillation is chang-
ing much more. It depends on the type of the action,
and therefore on the dimension of the spacetime. The
larger the dimension, the lower the frequency. Notice
also that larger angular momentum l increases these ef-
fects. Finally, we can notice that all values settle to some
asymptotic value. This is due to the fact that Vs and Vv
have well defined limit when d→∞, e.g. we have
Vv = f(r)
[ l + 1
r2
− 6M
r2
]
+O(1
d
) (32)
and therefore the results of Figs.(1,2) could be obtained
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FIG. 1. Imaginary part of QNM (upper) and real part of
QNM (lower) for scalar perturbations in all critical dimensions
from D = 4 to D = 40 using WKB method of order 6 for the
fundamental tone n = 0 and angular momentum l = 2, ..., 8.
analytically by an 1/d expansion in higher d-dimensional
spacetime.
VII. CONCLUSIONS
We have shown that for any dimension d = 3N + 1,
Schwarzschild spacetime is stable in the corresponding
Nth order pure Lovelock gravity. And it is an exact
solution of pure Lovelock equation in d = 3N + 1. We
have studied stability of this static spherically symmetric
spacetime for linear perturbations. We have derived per-
turbation equation and shown that isospectrality holds
only in d = 4, in any other dimension, scalar, vector and
tensor perturbations oscillate with different frequencies.
We have also studied QNM for all critical dimensions
from d = 4 to d = 40 and we found that tensor perturba-
tions are isotropic and do not depend on the dimension
of the spacetime, while scalar and vector decay to zero
with a characteristic time which depends weakly on di-
mension. This is because perturbations depend only on
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FIG. 2. Imaginary part of QNM (upper) and real part of
QNM (lower) for vector perturbations in all critical dimen-
sions from D = 4 to D = 40 using Leaver’s method for the
fundamental tone n = 0 and angular momentum l = 2, ..., 8.
the gravitational potential while frequency of oscillation
of these perturbations does depend on dimension. The
larger the dimension, the lower is the frequency. We have
also shown that all QNM’s converge to an asymptotic
value for large dimension, because the potentials (Vs, Vv)
have well defined limit for large d, and therefore could be
tackled analytically using 1/d expansion.
Pure Lovelock gravity is dynamical in d ≥ 2N + 2
however static black hole is stable only in dimension d ≥
3N + 1. This means in dimensions 2N + 2 ≤ d < 3N +
1, black hole would be unstable. However for Einstein
gravity N = 1 the two limits coincide. For N > 1, there
would always be a dimension window of instability for
pure Lovelock black holes. It would be interesting to
study in a future work if third order Lovelock, N = 3, is
unstable in dimension d = 8, 9.
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